We show that the assumption of dropping meson masses together with conventional many-body eects, implemented in the relativistic Dirac-Brueckner formalism, explains nuclear saturation. We use a microscopic model for correlated 2 exchange and include the standard many-body eects on the in-medium pion propagation, which initially increase the attractive n ucleon-nucleon (N N ) potential with density. For the vector meson exchanges in both the and N Nsector, we assume Brown-Rho scaling which|in concert with`chiral' contact interactions|reduces the attraction at higher densities.
The description of the ground state properties of nuclear matter in terms of an underlying microscopic nucleon-nucleon (N N ) interaction has been one of the major challenges in modern nuclear physics (for a review see, e.g., [1] ). Nonrelativistic many-body approaches, such as Brueckner-Hartree-Fock (BHF), resulted in the famous Coester band [2] , which does not meet the empirical saturation point. However, including the eective in-medium nucleon mass in the relativistic Dirac structure of the nucleon, as done in the so-called Dirac-BHF (DBHF) approach [1, 3] , generates additional saturation, resolving the aforementioned discrepancy. In these frameworks, the mesonic degrees of freedom are usually`frozen'; i.e., no medium eects are applied to mesons. This is a natural, but unjustied, simplication.
In the next simplest scenario, in analogy to the inmedium nucleon mass (or by arguments based on scale invariance [4] ), one would assume that also the masses of the exchanged mesons (except for the pion, which is protected by its Goldstone nature) depend on the nuclear density. However, if the meson masses decrease at the same rate, saturation cannot be reached at the empirical density, since the enhanced attraction in the eective (550) exchange overwhelms the corresponding increase in repulsion due to !(782) exchange [5{7].
More microscopically, the (550) is understood as a correlated pair of pions in a relative s-wave (the strong attraction in the s-wave interaction being chiey due to t-channel exchange). Therefore, as a consequence of the well established p-wave pion polarization in nuclear matter due to -hole and nucleon-hole excitations, the spectral distribution of the`eective' meson undergoes an appreciable reshaping: the softening of the in-medium pion dispersion relation leads to a considerable shift of strength to lower energies [8, 9] . This, in turn, aects the N Ninteraction in the nuclear environment, causing a marked increase in attraction. Qualitatively, this eect is comparable to that of a reduced`(550)' mass in the one boson exchange picture of the N N potential. However, additionally accounting for a density dependence in a chirally symmetric interaction will slow down the increase of attraction, particularly at densities above 0 , thus improving saturation. In this note we will show that a unied treatment o f conventional' many-body eects coupled with the assumption of decreasing meson masses, implemented in a DBHF framework, does indeed lead to reasonable saturation properties of nuclear matter.
First let us briey review our model for the correlated two-pion exchange in the nucleon-nucleon potential [10, 11] . We employ a chirally improved version [9] of an earlier meson exchange model [12] for the free interaction. Its dominant contribution at low energies stems from t-channel exchange of mesons which, in the scalar-isoscalar (`') channel, provides sucient attraction to form the broad resonance-like structure around E '500 MeV. However the inclusion of contact interactions, dictated by chiral symmetry [13] and repulsive in nature, turned out to be crucial in avoiding unrealistic bound states in the nuclear environment [8, 9] while still enabling a satisfactory description of the free scattering data [9, 14] . The interaction is then used to calculate a scattering amplitude for the N N ! !N Nreaction [10, 11] (6) where medium eects are induced in both G (through a c hange in the pion dispersion relation) and in the interaction kernel V . As has been shown in Ref. [16] , the restriction to medium eects in G yields N Npotentials which will not be compatible with nuclear saturation. However, as was conjectured in Ref. [16] , the inclusion of density-dependent meson masses and coupling constants in the interaction kernel might provide a remedy to this problem. Here we work at mean eld level, changing only f and masses according to
; (7) with the scaling factor taken to be C = 0:15 (which is in line with QCD sum rule analyses [17] , and has become known as Brown-Rho (BR) scaling [4] ). Explicitly, the following quantities in the interaction kernel are subject to this medium dependence (indicated by an asterisk):
(i) the mass m and formfactor cuto of the tchannel exchange; (ii) the pion decay constant f and m , both entering the contact interactions.
Since the KSFR relation is supposed to remain valid in the medium,
the coupling constant is not aected. The same holds for masses and cutos related to the pion due to its Goldstone boson nature. For consistency, corresponding modications are also applied in the single-pion self energy, , which is responsible for the many-body eects in the (uncorrelated) 2 propagator G . It is calculated in terms of standard p-wave particle-hole (N N 1 and N 1 ) excitations [18] :
The pion susceptibility, , contains short-range correlation eects between particle and hole parametrized by (10) which is somewhat weaker than that suggested in Ref. [19] , where it was erroneously assumed that the anomalous NN coupling through V should be enhanced by the factor (m N =m N ) 2 ; in fact one can show from the equations of motion that only the convection current contribution should be. We also use eective masses for nucleons and deltas: m N = m N (1 C = 0 ) m = m (m N m N ) : (11) The factor z in Eq. (9) accounts for eects of Ns-wave interactions [18] which, in a scattering length approximation, is estimated to be z = ( 1 + 4 ) 1=2 (12) with '0.11 fm 3 . However, at higher densities this tendency becomes more and more suppressed: on the one hand, both the increasing g 0 and z decelerate the pion softening, and on the other hand the contact interactions in the kernel V , being proportional to (f ) 2 , balance the increase in attraction in exchange. As a result, the attraction from V 2;corr N N ( r )increases less rapidly than the repulsion in V ! N N ( r )(due to a reduced !(782) mass). That means that at low densities our microscopically calculated 2 exchange potential behaves approximately like a scalar meson, with mass decreasing at the same rate as for the !. Approaching 0 , the contact terms dictated by c hiral symmetry slow the decrease of the eective mass, thus enabling saturation. To i n v estigate the quantitative impact on nuclear matter properties, we apply the in-medium 2-exchange TABLE I. Density-dependent parametrization of the correlated in-medium 2 exchange in terms of two zero-width sigma bosons ( = 3 GeV in all cases). density ( 0 ) ing accurately up to pion-production threshold. In this OBEP, w e replace the zero-width by our microscopic model of 2 exchange explained above. To make the calculations more tractable, we parametrize V 2;corr N N ( r ; ) i n terms of two sharp scalar mesons with density-dependent masses and coupling constants, cf. Table I and dashed lines in Fig. 1 . As discussed in the literature [21, 22] , the correlated 2 exchange accounts for more than half of the intermediate-range attractiont. The remainder is provided by uncorrelated 2 exchange which w e parametrize, in our present calculations, in terms of a`rest' boson with less than half the coupling strength of the full of a t ypical OBEP. This combination, plus the ve mesons mentioned above ( cf . Table II) This model for the N Ninteraction is now applied to nuclear matter. We use the DBHF approach [1, 3] , scale the nucleon mass as well as the meson and cuto masses of (770) and !(782) according to Eq. (7), and use the density-dependent correlated 2 exchange. Our result for the energy per nucleon as a function of density is shown in Fig. 2 Our results may be contrasted with a simpler calculation in which a conventional OBEP is applied and the boson (besides and !) is subjected to BR scaling. As discussed, no saturation can be achieved in this case, as clearly revealed by the dashed curve in Fig. 2 . In summary, we have studied the impact of medium modications in meson exchanges of the N Npotential on saturation properties of nuclear matter. The twopion exchange contribution has been calculated microscopically with the standard many-body eects on the in-medium pion propagation taken into account. For the vector meson exchanges in both the and the nucleonnucleon sector we assumed a universal decrease in their masses m ;! , which has also been applied to the nucleon mass in the many-body parts of the calculation. We nd that in a relativistic DBHF calculation this provides a reasonable saturation mechanism, thus improving earlier results in which a universal scaling of the exchanged meson masses (including the mass of an alleged` meson') could not achieve a stable conguration. The main reason for this dierence is the fact that the combination of nuclear many-body eects on the pions and the shortrange repulsive part of a (broken) chirally symmetric interaction suppresses the increase of attraction in the channel at nuclear densities above the empirical saturation value. Thus the chiral constraints on the interaction in our model [16] are seen to play a subtle, but crucial, role in nuclear matter saturation. Whether the mass scaling of the vector mesons, which plays an equally important role in the saturation process, can be understood in a similar (microscopic) way to that of the`' remains a question for further investigation. One of us (RR) acknowledges support from the Alexander-von-Humboldt foundation as a Feodor-Lynen fellow. This work was supported in part by the U.S. Department of Energy under Contract No. DE-FG02-88ER40388 and by the U.S. National Science Foundation under Grant No. PHY-9211607.
